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Advanced malignant bone tumor of the lower limb
may have a good prognosis after radical bone resec-
tion in combination with multidisciplinary treatment,
including radiotherapy and chemotherapy [1]. How-
ever, the most difficult problem facing the physician
is salvaging the limb after extensive radical bone
resection. Bone-repair techniques and materials, such
as bone grafts and their substitutes, have been used
to treat bone defects [2]. Although non-vascularized
autogenous bone grafts have been used for the past
100 years, since they were first described in 1911 [3],
the risk of resorption and the lack of biological activ-
ity were thought to be a disadvantage [4]. Therefore,
the revascularization and viability of bone cells and
the matrix of a vascularized bone graft demonstrates
excellent new bone formation and stress tolerance
compared with a nonvascularized transfer [5]. The
Received: Feb 9, 2009 Accepted: Apr 30, 2009
Address correspondence and reprint requests to:
Dr Shyh-Jou Shieh, Division of Plastic and Recon-
structive Surgery, Department of Surgery, College
of Medicine, National Cheng Kung University,
138 Sheng Li Road, Tainan 704, Taiwan.
E-mail: sjshieh@mail.ncku.edu.tw
RECONSTRUCTION OF A MASSIVE FEMORAL BONE
DEFECT USING A DOUBLE-BARRELED FREE
VASCULARIZED FIBULAR BONE GRAFT AFTER WIDE
RESECTION OF FEMORAL CHONDROSARCOMA
Chun-Hui Chu,1 I-Ming Jou,2 and Shyh-Jou Shieh1
1Division of Plastic and Reconstructive Surgery, Department of Surgery, and 2Department of 
Orthopedics, College of Medicine, National Cheng Kung University, Tainan, Taiwan.
Salvaging the limb after malignant bone tumor ablation is a tough challenge for a reconstructive
surgeon confronting such extensive bone defects. A 40-year-old male without any underlying dis-
ease was incidentally diagnosed with a chondrosarcoma over his left femoral bone. An orthopedic
surgeon did a wide resection of the malignant bone tumor, leaving a massive bone defect about
11.3 cm in length. A double-barreled free vascularized fibular bone was designed to reconstruct
the femoral bone defect. The maximal fibular bone graft harvested was 19 cm long; after the
osteotomy, one barrel was 11 cm and the other was 8 cm. An iliac crest cancellous bone graft was
harvested to fill the residual space. The pathology report showed a grade 1 well-differentiated con-
ventional chondrosarcoma, and further adjuvant therapy was not suggested. At a 3-year follow-up,
plain radiography showed a good bony union of the graft, and the patient could easily tolerate
daily activity. A vascularized double-barreled fibular graft is an ideal option for reconstructing 
a massive defect in weight-bearing bone: it provides not only sufficient mechanical strength but
also good union for early rehabilitation. We describe the long-term results after reconstruction
and provide a literature review of long-bone chondrosarcoma.
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anatomy of a free vascularized fibular graft, first de-
scribed in 1975 [6], has since been refined and these
grafts are also used to treat intractable non-unions
such as osteomyelitis and congenital pseudarthrosis,
and to bridge cortical bone defects after trauma and
tumor excision [7,8]. Results with this procedure have
been favorable, because it provides good bone union
and appropriate graft length, and because the vessel-
rich graft is strongly resistant to infection [9]. Never-
theless, when reconstructing a massive bone defect, 
it is necessary to increase the diameter of the grafted
fibula to tolerate weight bearing without external
assistance; therefore, dual vascularized fibular graft-
ing was suggested in 1985 [10]. The present case report
describes our successful reconstruction of a massive
femoral bone defect using a double-barreled free 
vascularized fibular bone graft after a radical bone
resection for malignant chondrosarcoma with good
long-term functional results.
CASE PRESENTATION
A 40-year-old man visited our orthopedic clinic
because of intermittent right knee pain for several
weeks. A plain film radiograph revealed a left femoral
radiolucent lesion (Figure 1A). An orthopedic surgeon
did an open biopsy, and the pathology report showed
a grade 1 well-differentiated conventional chondro-
sarcoma. Preoperative magnetic resonance imaging
revealed a medullary lesion with calcifications over the
left femur with a focal cortical breach and adjacent
soft tissue enhancement (Figure 1B). The treatment
plan was a wide resection of the diseased bone by the
orthopedic surgeon and reconstruction of the massive
femoral bone defect by a plastic surgeon. The operation
was done in a single session by two teams. The inci-
sion was made along the length of the fibula extend-
ing from the head to near the lateral malleolus. The
lateral compartment muscle of the peroneus longus
and brevis, the anterior compartment muscle of the
tibialis anterior, the extensor digitorum longus, the
extensor hallucis longus, and the superficial posterior
compartment muscles of the lateral gastrocnemius and
soleus were identified and separated from the fibula,
leaving a 3-mm cuff of muscle adjacent to the bone to
avoid disruption of the periosteum. A maximal seg-
ment of fibular bone graft measuring up to 19 cm was
harvested from a point 4 cm below the fibular head to
within 6 cm of the lateral malleolus. The peroneal
vessels were mobilized proximally and the donor site
was closed first. The orthopedic surgeon did a wide
resection of malignant bone tumor. A frozen section
showed that the tumor margin was free of adjacent
soft-tissue invasion, and a massive segment of femoral
bone defect, about 11.3 cm long, was left. A double-
barreled free vascularized fibular bone was designed
to reconstruct the femoral bone defect. The fibular flap
was osteotomized into two segments, one was 11 cm
long and the other was 8 cm, with the periosteal tissue
A B
Figure 1. (A) Bilateral femoral radiograph shows a left radiolucent lesion with cortical involvement (arrow). (B) Magnetic resonance
imaging shows an irregular elliptical lesion (about 7.5 × 2.0 × 2.0 cm in size) within the marrow cavity of the middle to the lower-third
of the left femur with a hyperintense signal on T2-weighted imaging and heterogeneous enhancement on post-enhanced imaging.
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connected. A left iliac crest cancellous bone graft was
harvested to fill the residual space. A submuscular
tunnel of vastus medialis muscle was created and the
vascular pedicles were anastomosed with the super-
ficial femoral vessels using a left lesser saphenous vein
graft with the extracorporeal loop technique, which
we have published before [11]. After completing the
osseous flap transplantation, the orthopedic surgeon
did the internal and external fixation, and the wound
was closed directly without tension. A plain radi-
ograph of the femur on postoperative day 2 showed
good alignment (Figure 2A). A bone scan showed a
good and viable bone graft 1 week after surgery and
also 3 years later (Figures 2B and 2C). Pathologically,
there was a cartilage-forming tumor composed of car-
tilaginous matrix and nests of atypical chondrocytes
with mild hypercellularity and the tumor had invaded
the cortex of the bone with fibrosis and inflammation
of the peripheral soft tissue (Figure 3). These features
suggested a grade 1 well-differentiated conventional
chondrosarcoma. Further adjuvant therapy was not
suggested. A plain film of the femur 3 months after
A B C
Figure 2. (A) Plain radiograph shows good alignment of the osseous flap with the internal and external fixation on the second day after
surgery. (B) Tc-99m methylene diphosphonate whole-body bone scan shows increased radioactivity over the distal femur of the left
thigh on the seventh postoperative day. A well-vascularized bone graft is shown (arrow). (C) The viable bone graft was shown by bone
scan 3 years after surgery (arrow).
A B
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Figure 3. Pathology findings. (A) A cartilage-forming tumor (arrow) composed of a cartilaginous matrix and nests of atypical chon-
drocytes with mild hypercellularity (magnification, 40×). (B) The tumor has invaded the cortex of the bone (arrow) with fibrosis and
inflammation of peripheral soft tissue (magnification, 100×).
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surgery showed radiological union with a small gap
between the vascularized bone graft and the proxi-
mal femoral bone (Figure 4A). Partial weight-bearing
was then started. Full weight-bearing was allowed 
6 months postoperatively. The external fixation was
removed 8 months after surgery and the range of
motion of the knee joint was improved gradually
under a planned rehabilitation protocol. Three-year
follow-up showed good union with substantially
hypertrophic bone (Figure 4B). The patient was able
tolerate his daily activity well without donor-site mor-
bidity. Functional evaluation of the left lower limb
using the American Orthopedic Foot and Ankle Soci-
ety hind-foot score revealed a high score with good
strength (score; 90 points) (Figure 5).
DISCUSSION
Chondrosarcoma, the second most common malignant
bone tumor, is about half as frequent as osteosarcoma.
It primarily affects the cartilage cells of the central
portion of the skeleton, including those of the femur,
arm, pelvis, knee and spine. Patients with chondrosar-
coma are usually aged in their 40s or older. The tumor
affects men twice as frequently as women, and it has
no racial predilection. These tumors usually present
as painful, progressively enlarging masses. Chondro-
sarcoma is subclassified according to site, or intra-
medullary and juxtacortical, and histologically as
conventional (hyaline or myxoid), clear cell, dedif-
ferentiated and mesenchymal variants. The nodular
growth pattern of the cartilage reveals endosteal scal-
loping radiographically. The more radiolucent the
tumor, the greater the likelihood it is high grade [12].
Fortunately, most conventional chondrosarcomas are
A B
Figure 4. (A) Plain radiograph shows that there is still a small
bone gap (arrow) between the vascularized bone graft and the
proximal femur at the 3-month follow-up. (B) Good union with
hypertrophic bone (arrows) was achieved by the 3-year follow-up.
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Figure 5. At the 3-year follow-up, (A) the patient was able to walk without assistance and (B) no donor-site morbidity was found.
indolent and in the range of grades 1 and 2. In one
study [12], the 5-year survival rates were 90%, 81%
and 29% in grades 1, 2 and 3, respectively. None of
the grade 1 tumors metastasized, whereas more than
50% of the grade 3 tumors disseminated aggressively.
Nevertheless, because of the potential for malig-
nant change, surgically radical wide resection is rec-
ommended, even for those with a low pathological
grading. Accordingly, major challenges are how to re-
construct the massive bone defect and how to allow
the patient to obtain adequate mechanical strength
on a weight-bearing skeleton after ablative surgery.
Generally, bone repair includes external fixation, in-
tramedullary rodding, internal fixation, prosthesis
replacement, and bone grafting. In addition to pro-
moting osteoconductivity with bone scaffolding, such
as distraction osteogenesis by Ilizarov bone lengthen-
ing, vascularized or nonvascularized bone grafting
provides some factors such as bone morphogenetic pro-
tein, transforming growth factor-β, fibroblast growth
factor-2, vascular endothelial growth factor and
platelet-derived growth factor to improve osteoinduc-
tivity, which benefits bone healing. However, as the
microvascular techniques have greatly increased, vas-
cularized bone grafts have been used for many clinical
bone defects. By contrast to free bone grafting, vascu-
larized bone grafts maintain the viability of the major-
ity of bone-producing cells, which leads to more rapid
and complete bone union. Many vascularized bone
grafts are now well established, including tibia, fibula,
greater trochanter, olecranon, ileum and scapula grafts.
Among these choices, the free vascularized fibular
graft (FVFG) has become an established procedure
for the treatment of massive bone defects after bone
tumor resection, because it offers adequate length,
geometrical shape and mechanical strength to recon-
struct long bone defects. The fibula only provides
one-seventh to one-tenth of the total weight bearing.
Morbidity after fibula harvest has been reported by
several authors [13–16], and includes neuropraxia,
toe clawing, pain and ankle instability. However,
such complications might depend on the experience
of the surgeons involved [13]. The immediate postop-
erative morbidity of the donor site is generally low,
and is reported to range from 15% to 21% [14]. In fact,
in one clinical and biomechanical analysis [15], the
overall donor-site morbidity was low. An eversion
torque deficit due to weakness of the peroneus longus
muscle can initiate a progressive functional ankle
instability and cause or accelerate ligamentous sec-
ondary ankle osteoarthritis in the long-term [16].
The mean time to union of between 4.5 and 12
months for FVFG is shorter than that for traditional
bone grafting, and the overall union rate was 80%
[17]. One advantage of FVFG is its ability to hyper-
trophy, which varies up to 80%, compared with the
mean of 32% in non-vascularized grafts [18]. Minami
et al [19] reported weight-bearing 3 months after the
vascularized fibular bone transfer with a graft union
rate of 80%. Moore et al [20] reported weight-bearing
4–12 months after surgery with a graft union rate of
90%. One limitation of FVFG is the low initial mechan-
ical strength of a single-strut fibula: under excessive
loading and with the loss of protective feedback, stress
fracture is possible, even after union. Therefore, the
operated limb should be protected until hypertrophy
has made the diameter of the graft approximately the
same as that of the host bone. One study [17] reported
a 40% fracture rate at an average of 8 months after
using a single fibula graft to reconstruct large skeletal
defects in lower extremities. Another study [10] pro-
posed dual vascularized fibular grafting (transfer of
2 vascularized fibular grafts) in 1985. In 1987, a third
study [21] suggested division of the shaft of the
fibula near its center into two struts, preserving the
vascular supply to both struts. This technique was
called double-barreled vascularized fibular grafting.
In a fourth study [22] in 1992, by doubling the area of
viable bone transfer, none of the cases experienced
fracture, and the mechanical strength was restored
more quickly. In a fifth study [23] in 2003, El-Gammal
et al concluded that vascularized fibular transfer is 
a reliable technique for lower limb reconstruction fol-
lowing tumor resection and is associated with satis-
factory functional outcome. Theoretically, the patients
could be freed from a brace much sooner than if a 
single strut is used.
Chondrosarcoma is the second most common
malignant bone tumor. Because of its potential to
metastasize, radical bone excision is indicated. A mas-
sive bone defect is a major challenge. Fibular transfer
is an ideal reconstructive option for a large defect in 
a long bone because of its length, geometrical shape
and mechanical strength. Vascularized fibular grafting
offers an effective treatment offering improved osteo-
inductivity and osteoconductivity with low donor-site
morbidity. A double-barreled vascularized fibular graft
provides reliable strength to help the patient quickly
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gain freedom from a brace and permit more rapid
recovery to normal activity.
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惡性股骨軟骨肉瘤經廣泛切除後股骨缺損的重建 — 
游離雙軀幹帶血管腓骨瓣移植
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下肢的惡性骨腫瘤經由廓清式的骨腫瘤切除，合併放射性與化學性等多種輔助治療之
後，通常能夠得到良好的預後。然而，將要面對的問題是大範圍的骨頭缺損，要如何
重建及恢復日後行動上的功能，是重建的一大挑戰。我們報告一位 40 歲的中年男
性，不經意由一般 X 光影像攝影中被骨科醫師懷疑左股骨惡性骨瘤，經由切片後，證
實為初級惡性軟骨肉瘤，於是骨科醫師行廣泛骨腫瘤切除術，殘餘中段 11.3 公分的
股骨缺損。術中我們計畫使用游離帶血管腓骨瓣重建股骨缺損，因考量日後病人負重
與功能恢復程度，將擷取下 19 公分的腓骨瓣，分割成兩支尚有骨膜及軟組織相連的
骨皮瓣，將 11 公分與 8 公分的腓骨設計成游離「雙軀幹」腓骨瓣移植入股骨缺損
處。同時，另外擷取腸骨海綿骨填充剩餘的骨骼缺損。追蹤病人術後三年的 X 光影
像，顯示良好的骨癒合形成。除此之外，骨瓣供區無明顯的後遺症，病人在多種負重
姿勢與行動上也獲得良好的恢復功能。經由此病例報告，我們提供以游離雙軀幹帶血
管腓骨瓣，對大範圍骨頭缺損的成功重建案例。
關鍵詞：游離雙軀幹帶血管腓骨瓣顯微移植，股骨缺損重建，股骨惡性軟骨肉瘤
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